The outbreak of chlamydiosis in one of the western provinces of Poland, was diagnosed accidentally as a concurrent infection in a commercial laying hen flock during an outbreak of fowl pox. For histological examination, skin and subcutaneous tissue samples from lesions on heads of the birds were collected. Swabs from throat and trachea have been examined by nested PCR, real-time PCR, and partial ompA sequencing. Detailed electron microscopy analysis revealed fowl pox intracytoplasmic inclusions, called Bollinger bodies, and the presence of other intracytoplasmic inclusions; specific for Chlamydia sp. Results of nested PCR confirmed the presence of Chlamydiaceae sp. in two tested samples. Surprisingly, one of the two Chlamydiaceae-positive cases turned out to be infected with a non-classified strain. Results of real-time PCR and sequencing confirmed the presence of a new Chlamydia species that has not been found in Poland to date. Partial sequencing and BLAST analysis of ompA gene sequence confirmed the highest homology to non-classified poultry strains of Chlamydia sp. that were previously detected in Germany and France. The zoonotic potential and the exact taxonomic status of this atypical strain have yet to be defined.
Chlamydial infections leading to outbreaks of avian chlamydiosis in domestic, companion, and wild birds are regularly reported from all parts of the world (3, 6, 9, 13) . Until now, the family Chlamydiaceae used to be divided into two genera Chlamydia and Chlamydophila (2), before they were recombined (12) . Currently, the genus Chlamydia combines a total of nine species, i.e. Chlamydia trachomatis, Chlamydia suis, Chlamydia muridarum, Chlamydia pneumoniae, Chlamydia abortus, Chlamydia caviae, Chlamydia felis, Chlamydia pecorum, and Chlamydia psittaci. The importance of Chlamydia psittaci as the causative agent of psittacosis or avian chlamydiosis in psittacine birds and domestic fowl has been known for decades. C. psittaci is generally an avian pathogen; however, it can cause zoonotic disease in humans. There is not much information on the epidemiological situation of chlamydiosis in birds in Poland, for example the prevalence of C. psittaci was found in 10.3% of captive parrots (8) . The available literature data show that a new non-classified chlamydial agent was detected and isolated in poultry and wild birds (3, 6, 9, 13) .
In this paper, the results of a study that led to detection and identification of a new chlamydial agent in poultry in Poland are reported. It should be noted that laboratory diagnosis of chlamydia infections has changed in the past two decades (11) . In particular, the identification of the new chlamydial agent was possible because of the availability of highly specific and sensitive molecular assays (1).
Material and Methods
Samples. Samples were taken at the commercial laying hen flock in one of the western provinces of Poland on the suspicion of fowl pox (characteristic lesions on the combs, wattles, tongue, and in beak cavity). Three dead birds were tested. Skin and subcutaneous samples from lesions on the head of the birds were collected for histological examination. For molecular analysis (nested PCR, real-time PCR, and sequencing), throat and tracheal swabs from each bird were used.
Light microscopy (LM) analysis. After fixation in 10% neutral buffered formalin, tissue samples were processed routinely, embedded in paraffin, and stained with haematoxylin and eosin (HE). In parallel, frozen material was subjected to the routine electron microscopy process of fixation and stained with methylene blue (MB) and examined using the Axioskop2Plus Zeiss microscope.
Electron microscopy (EM) analysis. For ultrastructural examination, skin samples were fixed with glutaraldehyde and osmic acid, dehydrated, and embedded in Epon 812. The samples were then cut using the PowerTome XL RMC ultramicrotome fitted with diamond knife. Ultrathin sections were contrasted with uranium acetate and lead citrate (UL) and examined under the LIBRA120 Zeiss digital transmission electron microscope.
Preparation of genomic DNA. DNA extraction from swabs was performed using QIAamp DNA Mini Kit (Qiagen) following the manufacturer's instructions.
PCR. DNAs were tested for Chlamydia sp. using a nested PCR procedure. The first step (external amplification) was genus-specific amplification using primers 191 CHOMP (5'-GCI YTI TGG GAR TGY GCI AC-3') and CHOMP371 (5'-TTA GAA ICK GAA TTG ICG RTT IAY GTG IGC IGC-3'). For the internal amplification, 1 μl of the genus-specific product and combination of primers 201CHOMP (5'-GGI GCW GMI TTC CAA TAY GCI CAR TC-3') and CHOMP336 (5'CAA GMT TTT CTG GAY TTM AWY TTG TT-3') were used The primer set gave rise to amplification of a 434-455 base pair (bp) fragment of ompA gen (4). For identification of Chlamydia sp., 1 μl of genus-specific product from the external amplification and combination of primers 218PSITT (5'-GTA ATT TCI AGC CCA GCA CAA TTY GTG-3') and CHOM336 (5'CAA GMT TTT CTG GAY TTM AWY TTG TT-3') were used. This set is specific for Chlamydia psittaci and generates an amplicon of 389-404 bp size (4). The 50 μl of final volume of reaction mixture included 5 μl of 10 x PCR buffer, 2 μl of 50 mM MgCl 2 , 0.2 μl of 10 mM dNTP, 1 μl of 20 pmol specific primer, 0.2 μl of 5 U/μL thermostable polymerase DNA, 39.6 μl of sterile water, and 1 μl of genomic DNA. Amplification was carried out at Tepersonal termocycler (Whatman Biometra) using the following cycling parameters: 50 cycles, initial denaturation at 97°C for 60 s, denaturation at 97°C for 60 s, annealing at 50°C for 60 s, elongation at 72°C for 60 s, and final elongation at 72°C for 60 s. PCR reactions were analysed by electrophoresis of 8 μl of PCR product and 2 μl of Gel Loading Solution (Sigma) through a 1% agarose gel in 1 x TAE buffer and visualised by staining with ethidinum bromide and ultraviolet transillumination. The molecular weight of obtained products was determined on the basis of molecular weight marker, which was GeneRuler TM 100 bp DNA Ladder (Fermentas) and positive control of DNA isolated from Chlamydia psittaci.
Real-time PCR. A 1-µl aliquot of extracted DNA was subjected to Chlamydiaceae-specific real-time PCR (targeting the ompA gen) as described previously (1) .
Sequencing of the ompA gene. Partial sequencing of 945 nt ompA gene fragment was conducted as described by Sachse et al. (10) . Obtained sequence was submitted to GenBank database (accession number KC758851). The species identity based on ompA sequences was established through BLAST search (http://www.ncbi.nlm.nih.gov/blast/). Sequence alignments and analysis were conducted using Geneious 6.0 (Biomatters Auckland, New Zeland). (Fig. 1) .
Results

LM examination
EM analysis showed intracytoplasmic inclusions in keratinocytes filled with two kinds of particles. The first of them were oval with dark, dumbbell-shaped central core -biconcave nuclei. The average diameter of these particles was 248 nm (179-314 nm). These were pox virions in the Bollinger bodies (Fig. 2) . The second ones were larger and more different in shape and sizes, sometimes possessing an outer envelope, and sometimes dispersed in cytoplasm (Fig.  2) . The smallest of these particles had the average diameter of 418 nm (259-576 nm) with very thick and rigid membrane like chlamydial elementary bodies ( Figs  2, 3 ).The bigger ones had the average diameter of 788 nm (659-917 nm) and had the thin membrane like chlamydial reticulate bodies (Figs 2, 3) . However, there were the biggest particles, which had the average diameter of 740 nm (460-1020 nm) and had the thin membrane like chlamydial aberrant bodies (Fig. 2) . Results of nested PCR confirmed presence of DNA of Chlamydia sp. in two out of three tested birds. The second step of species-specific PCR confirmed that one bird was infected with Chlamydia psittaci. The ompA fragment in both samples from this bird (throat and trachea swabs) was detected. Unexpectedly, one of the two Chlamydiaceae-positive birds had a nonclassified organism of the same family. Results of Chlamydiaceae-specific nested PCR are presented in the Fig. 4 .
Discussion
The affected tissue samples from commercial lying hen flock were sent for the histopathological examination with suspicion outbreak of fowl pox. During light microscopy analysis, characteristic for fowl pox inclusions, called Bollinger bodies, were observed. This observation was later confirmed by PCR that they were connected with Avipoxvirus infection. However, LM examination disclosed also other navy blue intracytoplasmic inclusions (Fig. 1) . Detailed ultrastructural study revealed, concurrent infection by another pathogen recognised as chlamydia-like particles (Figs 2 and 3), described more precisely by Karpinska et al. (5) , later confirmed by PCR as a new non-classified Chlamydia sp.
Up till now, very few studies on avian chlamydiosis in poultry and wild birds have been conducted in different parts of Europe and to an even lesser extent in Poland. Avian chlamydiosis is a zoonosis and human cases of the disease are also diagnosed. Therefore, veterinary investigations on chlamydiosis are very important because of the risk of transmission of the infection to humans. In Poland, between 2000 and 2011, only 19 human cases of ornithosis were confirmed by the National Institute of Public Health; however, no cases were diagnosed in last year. Despite such detection in humans, not much is known about the status of the infection of birds in Poland, which could pose a zoonotic risk (7). A few cases of new non-classified chlamydial agents in birds were reported in last years. According to the literature, they are supposed to occupy a genetically intermediate position between C. psittaci and C. abortus (4) . Genetic evidence suggests that the spectrum of Chlamydiaceae sp. encountered in birds is not confined to the "classical" agent C. psittaci. Sachse et al. (9) showed that the predominant chlamydia in pigeons was C. psittaci, but other species, such as C. abortus, C. pecorum, C. trachomatis, and non-classified strains of the same family were also found. So far, a new atypical strains of Chlamydia sp. was isolated from poultry, pigeons, songbirds, and waterfowl in different parts of Europe. The study conducted on strains originating from different European countries and China performed by Zocevic et al. (13) confirmed that C. psittaci is not the predominant chlamydial species among chickens and suggested that the new chlamydial agents could be supposedly widespread in poultry flocks.The epidemiological situation of avian chlamydiosis in Polish poultry flocks is still unknown. The same applies to wild birds, particularly regarding the presence of atypical nonclassified Chlamydia sp. The present investigation was conducted on samples from one Polish flock. Partial sequencing of the ompA gene and BLAST analysis confirmed the highest homology of 92% to nonclassified poultry strain of Chlamydia sp. that was previously reported by Zocevic et al. (13) , as well as to those strains reported earlier by Gaede et al. (3) and Laroucau et al. (6) . The partial sequencing of the 16S RNA and ompA gene of atypical non-classifield Chlamydia sp. performed by Laroucau et al. (6) demonstrated that, while 16S rRNA gene sequences were highly similar among the isolates, the ompA sequences were distinguished by high inter-strain heterogeneity. The similar results obtained Everett (2), who described that rRNA genes were subjected to evolutionary pressure to a far lesser extent than genes encoding outer membrane proteins, such as ompA. Our findings confirm that the current knowledge on the variety of chlamydial organisms in birds is still incomplete. A comprehensive assessment of the occurrence of new chlamydia species in domestic and wild birds in Poland requires further studies. There is also no data on Polish cases of human infection caused by atypical chlamydial agents, which were suspected in France (6) . Taking into consideration the fact that the present findings confirmed a high homology of Polish non-classified poultry strains of Chlamydia sp. to the variants previously found in birds in Germany and France, a special attention should be given to this issue.
